Scholars' Mine
Masters Theses

Student Theses and Dissertations

1963

The reaction of sodium iodide in acetone with halogenated
epoxides -- A mechanism study
Thomas E. Breuer

Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses
Part of the Chemistry Commons

Department:
Recommended Citation
Breuer, Thomas E., "The reaction of sodium iodide in acetone with halogenated epoxides -- A mechanism
study" (1963). Masters Theses. 2835.
https://scholarsmine.mst.edu/masters_theses/2835

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu.

THE REACTION OF SODIUM IODIDE IN
ACETONE WITH HALOGENATED EPOXIDESA MECHANISM STUDY
by
Thomas E. Breuer
Thesis submitted to the faculty of the
Missouri School of Mines and Metallurgy
in partial fulfillment of the requirements for the
Degree of
MASTER OF SCIENCE
in
Chemistry

APPROVED:

July, 1963
Rolla, Missouri

-ii-

CONTENTS
TITLE PAGE....................................

page
i

TABLE OF CONTENTS............................

ii

LIST OF TABLES...............................

iii

INTRODUCTION..................................

1

REVIEW OF LITERATURE.........................

4

DISCUSSION....................................

23

EXPERIMENTAL..................................

27

CONCLUSION....................................

39

SUMMARY.......................................

40

BIBLIOGRAPHY..................................

44

ACKNOWLEDGMENT...............................

47

VITA..........................................

48

-iii-

LIST OF TABLES

page
TABLE I.

Reaction of Epichlorohydrin with
Sodium Iodide in Acetone.......

41

TABLE II.

Reaction of 3-bromo-l,2-epoxybutane
with Sodium Iodide in Acetone...
42

TABLE III.

Reaction of l-bromo-2,3-epoxybutane
with Sodium Iodide in Acetone...
43

INTRODUCTION
When an unsymmetrical epoxide reacts with an attacking
agent, two possible isomers of the product may be obtained.

The proportion of each isomer resulting has been found to be
greatly dependent upon such variables as catalyst, tempera
ture, solvent, and orienting influences within the epoxide
itself.

Therefore, it is to be expected that prediction of

the product is extremely difficult in many cases, although
in many other instances it can be successfully done.

In ac

cordance with the rule established by Markownikov, and also
by Krassusky, the course of addition which results in the
hydroxyl group becoming attached to the epoxide carbon atom
which has the least number of hydrogen atoms bonded to it
will be called the normal course of reaction, and the product
resulting from it will be referred to as the normal product.
The other possibility will bear the label of abnormal.

No

attempt will be made to establish a normal or abnormal cri
teria for the case in which both epoxide carbons are bonded
directly to the same number of hydrogen atoms, as this would
necessarily involve some stipulation as to the groups at
tached to each carbon and the reaction conditions.
It has been discovered that most epoxide reactions follow
the normal course of addition exclusively or to a great extent

-2when they occur in the presence of basic catalysts or under
basic conditions.

This has been found true for most epoxides

and for nearly all attacking reagents except, of course,
acids.

There are some exceptions to this, and most of these

have been attributed to some directive influence, either
steric or electronic, within the epoxide.

The same is genera.ll

true of epoxide reactions taking place in neutral solutions,
although often a significant, but usually not dominant, amount
of the abnormal isomer is produced.

Reactions which take

place in acidic media, however, often produce a mixture of
the possible isomers which usually contains more than half
the abnormal isomer unless some strong orienting influence is
present in the epoxide.

An explanation of this occurrence is

found in the different mechanisms of reaction proposed for re
actions taking place under different catalytic conditions.
These mechanisms will be discussed more fully later in this
thesis.
The substitution of an orienting group onto the epoxide
may greatly alter the course of the reaction.

It may change

which product, normal or abnormal, is formed, or the pro
portion of each found at the completion of the reaction.

This

type of substitution probably alters the reaction mechanism to
some extent, although this has not been fully established.

A

strong electron withdrawing agent substituted into an alpha
position to the epoxide ring tends to make the system appear
to be indifferent to the type of catalyst used.

The directive

group of interest here, the halogen atom, has been found to

-3exert the influences mentioned here in the reactions of
alpha-halogenated epoxides.

These effects and the experi

mental data reported showing them will also be discussed
more fully later.
It is the purpose of this paper to report the study of
the reaction of some alpha-halogenated epoxides under neu
tral conditions.

This was done in an effort to gain

further knowledge of the paths and mechanisms of reactions
of epoxides in general and of alpha-halogenated epoxides
in particular.

To accomplish this objective, the reaction

of a solution of sodium iodide in acetone with l-bromo-2,
3-eooxybutane and 3-bromo-l,2-epoxybutane was investigated.
The precipitation of sodium bromide from the acetone sol
vent tends to drive the reaction to completion.

4

REVIEW OF LITERATURE
A considerable amount of research on the reactions of
epoxide compounds has taken place, much of it in recent dec
ades.

The kinetics and mechanisms of a great number of

reactions involving these compounds are found in the litera
ture.

The first investigation of addition to an unsymmetrical

epoxide was probably that of W. W. Markownikov in 1$75*"^

At

that time he studied the course of addition of hydrogen chlo
ride to propylene oxide.

From the results of his investigation,

he formulated the rule that bears his name.

He found that the

chlorohydrin resulting from this reaction was identical to that
formed by the addition of hypochlorous acid to propylene.
CHo— CH—-,CH0 + HC1
CH3— CH(OH) — CH Cl
CH3 — CH = CH2 + HOC!
He therefore stated that when a hydrogen halide is added to an
unsymmetrical o(-oxide, the hydroxyl group is attached to the
carbon atom bearing the least number of hydrogen atoms.

Since

MarkownikovTs time, this rule has been applied to the reactions
of epoxides with many other reagents than halogen acids.
Krassusky

summarized the early work with ammonia in

a rule which stated that "when ammonia adds to unsymmetrical

cited by A. A. Petrov: Chem Tech. (Berlin), 6, 639 (1954).
^Krassusky, K.:

Compt. Rend., 146, 236 (1903).

-5olefin oxides, the amino group attaches itself to the carbon
atom bearing the greater number of free hydrogen atoms,Tt

In

accordance with these statements, a course of reaction which
results in the attacking agent becoming attached in this
manner will be called the normal course of addition.

These

rules are not so generally applicable as was once thought,
but they will suffice for the sake of convenience in writing.
If both epoxide carbons have an equal number of hydrogen atoms
attached directly to them, only a very arbitrary choice be
tween normal and abnormal courses of reaction could be made
without considering substituents in the epoxide, catalyst,
solvent, and temperature.

For this reason no normal or ab

normal criteria will be used for these cases.
The opening of the oxirane ring may actually proceed in
either of two possible directions.

In many cases the direction of ring opening can be predicted,
but in many other cases no accurate prediction can be made
because of similarity of the groups attached to each epoxide
carbon atom.
Before beginning to discuss some of the examples of
epoxide reactions found in the literature it is advantageous
to review several theoretical principles involved in the re
actions.

This will help to clarify the dependence of the

reaction on such factors as catalyst, temperature, solvent,

and orienting influences within the epoxide itself and to
predict some of the results reported.
Various structures have been proposed for the epoxide
ring.

Zimakov^ favors a resonance hybrid of the type:

A

+

R2c — CR2

R 2C——CR 2

■R2C—.CR 2

This is supported by some investigators, but others, such
as Searles, Tamres, and Lippencott,^ prefer a resonance
hybrid of different structures.
A
e 2c ^-'Ch

2 -=■---

-

r 2c ^~x c r 2

-XCR2

-r R 2C

Perhaps the best proposed structure, however, is that set
forth by Walsh^ in his later papers.

In this proposed structure, the carbon atoms are trigonally,
or sp2 , hybridized, and one such orbital from each carbon
atom overlaps with an atomic orbital from oxygen to form the

^Zimakov, P. V.:
J. Phys. Chem. (U.S.S.R.), 20, 133
(1946); C. A., 40, 5613 (1946).
^Searles, S., M. Tamres and E. R. Lippencott:
Chem. Soc., 75, 2775 (1953).
^Walsh, A. D.:

Nature, 159, 712 (1947).

J. Am

-7molecular orbital represented by the shaded area in the center
of the drawing.

Two of the six valence electrons go into this

orbital, and the remaining four electrons go into delocalized
molecular orbitals in the plane of the ring, represented by
the unshaded areas.

The only reasonable alternative would

seem to be a "bent-bond” structure similar to that proposed
by Coulson and Moffitt^ for cyclopropane, in which the ring
atoms do not lie directly along the line of greatest electron
density of the atomic orbitals of the neighboring atoms.

The

smaller amount of overlap would be offset by less strain ener
gy in the molecule.
Both of the last two proposed structures would account
for the conjugating power of the epoxide ring, the shortening
of the carbon-carbon bond, and for most other experimental
facts (though apparently not for the low electron density on
the oxygen).7
There are several proposed mechanisms for epoxide reac
tions.

These vary with reactions run under different conditions

of acidity or basicity.
The base catalyzed addition to epoxides is generally
thought to occur by an Sn2 mechanism.°>9,10

^Coulson, C. A. and W. E. Moffitt:
^Parker, R. £. and N. S. Isaacs:

jn

Phil. Mag.,

type of

0, 1 (1949).

Chem. Rev., j>9, 740 (1959).

&Ingold, C. K.: "Structure and Mechanism in Organic Chemis
try," p. 341, Cornell University Press, Ithaca, N. Y., 1953*
^Winstein, S. and R. B. Henderson:
"Heterocyclic Compounds,"
Vol. 1, p. 1, Ed. by R. C. Elderfield, J. Wiley and Sons, New
York, N. Y . , 1950.
-^Parker, loc. cit.

mechanism one carbon atom is attacked by a reagent while it
is still attached to its original substituent, followed by
the ejection of the oxygen.

This might be depicted as

follows:

R2
E’-Cv
S“ + R9c —

iC
Hp

„

I/O i = = ;
c'
Ho

Rp
£ — Cx
I/O c'

0“

£

I
CH,

R

The rate of this type of reaction will be proportional to the
concentration of the epoxide multiplied by the concentration
of the attacking reagent.

The fact that the nucleophile is

much more likely to attack a primary carbon atom than a
tertiary one bears out this assumption,^ as does the fact
that second order rate laws have been found for nearly all
of these reactions.

That the normal isomer is to be the ex

pected product is also seen from steric considerations.

If

no polar substituents are present, the extra groups around
the more substituted carbon atom will help prevent the attack
ing reagent from coming close enough for this type of reaction
to occur.

Polar or conjugation effects of functional groups

on the epoxide may cause the addition to go either way, as
the nucleophilic reagent can be expected to attack at the
most electropositive carbon atom.

In the presence of one or

more polar or conjugative groups, prediction of the product
is often extremely difficult, particularly if the situation
is complicated by steric factors.
H-Ingold, C. K.:
T,Structure and Mechanism in Organic
Chemistry,” p. 341, Cornell University Press, Ithaca, N. Y . ,
1953.

-9In a neutral solution, the reaction appears to proceed
largely by the mentioned Sn2 mechanism . ^ 9 ^ 9 ^

The

normal isomer is the major or only product found and the
reactions appear to be governed largely by the same factors
which govern the base catalyzed reaction.

In nearly all

cases, however, a small but significant amount of the ab
normal isomer is produced.

In some reactions, particularly

in the hydrolysis of the epoxide, the rate also seems to be
somewhat too great to be explained purely by this mechanism.^
l6
Ingold
explains these two discrepancies by proposing the
occurrence of two more simultaneous mechanisms which work to
a lesser extent in the reaction.

One of these is a unimo-

lecular substitution by the nucleophile on the epoxide.

This

mechanism, called the Snl, is basically an ionization followed
by a rapid addition of the attacking group.

The rate of this

type of reaction is controlled by the ionization step and
thus is independent of the concentration of the attacking
reagent.
tution.

E

-

For this reason it is called a unimolecular substi
It can be depicted for an epoxide as follows.
T

+ R2C — CH2 ^ = ^

E

9 +

+

9

?

9

* R2c — CH2 1- R2c — CH2 t±=^ r 2c — 6 h 2 +

0"
r 24

E

- ( - ch2

l^Ingold, c. L.:
"Structure and Mechanism in Organic
Chemistry,” p.341, Cornell University Press, Ithaca, R. Y., 1953*
^Winstein, S. and R. B. Henderson:
"Heterocyclic Compounds,”
Vol. 1, p. 1, Ea. by R. C. Elderfield, J. Wiley and Sons, New
York, N. Y., 1950.
^Parker, R. E. and N. S. Isaacs:
^Ingold,

loc. cit.

■^Ingold, loc. cit.

Chem Rev., 59. 740 (1959).

-10This can account for the presence of some of the abnormal
isomer in the product.

The second proposed mechanism in an

Sn2 mechanism involving the conjugate acid of the epoxide.
The conjugate acid is a protonated epoxide of the form

r

Ac h 2 .

2c -

The proton comes from the slight ionization of the solvent
when this is possible.

This mechanism would be much faster

than either of the above two, but because of the small ioni
zation of most neutral solvents, very little hydrogen ion is
present, and it also adds only a small part to the overall
picture.
The third type of reaction to be considered is the acid
catalyzed addition to epoxides.

This type of reaction usually

results in a mixture of the possible isomers of the product
and several mechanisms are proposed for it.

It is generally

accepted that the major part of the reaction takes place by an
Snl mechanism involving the conjugate acid of the epoxide.^-7,l$>19
The conjugate acid need not be protonated as any Lewis acid

l^Ingold, C. K.:
"Structure and Mechanism in Organic
Chemistry,” o. 341, Cornell University Press, Ithaca, N. Y . ,
1953.
-^Winstein, S. and R. B. Henderson:
"Heterocyclic Com
pounds,” Vol. 1, o. 1, Ed. by R. C. Elderfield, J. Wiley and
Sons, New York, N*. Y . , 1950.
19parker, R. E. and N. S. Isaacs:
(1959).

Chem. Rev., 59, 740

-11can produce the same result.

It can be seen that steric

effects will have much less effect here than in an Sn2 mecha
nism, and that polar effects will be more prevalent.

The

polar and hyperconjugative effects of even saturated hydro
carbon groups can help to stabilize a positive charge on the
carbon atom attached to them and thus lead to production of
the abnormal isomer
The preference of attack under acid catalysis for
secondary or, even more, for tertiary carbon atoms can be
explained on the basis of no-bond resonance, or hyperconjugation.

20

This may be represented for a secondary carbon

atom as shown
g ? p

H-C-C-C-H-*—
ft + OH

h

?

h

?

y

5

H-C - C-C-H-*-- »-H + C= C-C-H-*-- >-H-C+
H
OH
ft
OH
H

H H
C-ft-H

6h

It is theorized that these structures in which one hydrogen
atom is no longer bonded to the carbon and a carbon-carbon
double bond is formed may play a part in the overall picture
of the resonance structure of the ion.

This part is without

doubt small, but enough to significantly lower the energy of
the secondary or tertiary carbonium ion.

This permits a de-

localization of the positive charge over a larger number of
centers and thus stabilizes the carbonium ion with the positive
charge on a secondary carbon atom over that with the charge on
a primary carbon which has fewer contributing structures.

One

or more of the hydrogen atoms on the left hand carbon may be
replaced by a methyl grouo or a carbon chain and still permit2
0
20

Gould, E. S.:
"Mechanism and Structure in Organic Chem
istry," p.49, Holt, Rinehart and Winston, New York, N. Y., 1949.

-12this resonance to a lesser extent unless, of course, all
three hydrogen atoms are so replaced, in which case no
resonance of this type is possible.

It is obvious that a

dimethyl substituted epoxide carbon will have the maximum
number of contributing structures possible for an epoxide,
and thus will show the greatest stabilization of a positive
charge on it.
A second mechanism proposed by Parker and Isaacs

21

to

explain the amount of normal isomer found is an Sn2 type in
which the reagent is further away than usual from the seat of
attack, and the driving force of the reaction is provided more
by transfer of electrons from carbon to oxygen than from re
agent to carbon.
mechanism.

Ingold

This is often called a "borderline Sn2"
22

proposes that the previously discussed

Sn2 reaction with the conjugate acid of the epoxide accounts
for the presence of the normal isomer.
In view of the particular type of compound involved in
this work, it would be well to consider more fully the effect

21

of polar substituents on these mechanisms. J

In nearly every

case, the introduction of a polar group into the epoxide,

"^Parker, R. E. and N. S. Isaacs:
Chem. Rev., 59, 740
(1959).
pp
^ Gould, E. S.:
"Mechanism and Structure in Organic
Chemistry," p. 49, Holt, Rinehart and Winston, New York, N. Y.,
1959.
23 Parker, op. cit.

-13especially in the alpha position to one end of the ring, tends
to inhibit attack of the nearest epoxide carbon atom.

A re

markable feature of these reactions is the fact that reagents
apparently still prefer to avoid attacking the nearby carbon
atom when attack at the alternative carbon must be subject to
considerable steric hindrance.

Since, in a bimolecular re

action, the presence of an electron withdrawing group facil
itates the approach of a nucleophilic reagent but inhibits
bond breaking, it seems likely that we are dealing here with
an Sn2 mechanism in which bond breaking is more important
than bond making, or what is called the borderline Sn2.

An

Snl mechanism would also be inhibited at the adjacent carbon
atom by an electron withdrawing group, but it seems unlikely
that these reactions take place in this manner.

A group which

repels electrons would be expected to enhance attack on the
adjacent carbon atom, and this is found to be true, although
usually the effect is not so great as that of electron attractors.
For a more complete and comprehensive coverage of the mecha
nisms of epoxide reactions and the orientations resulting from
them, the reader is referred to the textbook by Ingold and the
review articles by Winstein and Henderson and by Parker and
Isaacs.

Full reference to these can be found in the bibli

ography.
This brief look at the theoretical principles of epoxide
reactions is a preparation for a consideration of some of the
actual results found by different investigators.
A great deal of research has been done with those epoxides
which have no other functional groups on the carbon chain.

-14These provide excellent examples of the correctness of the
rules set forth in the preceding paragraphs.
Propylene oxide has been one of the focal points of
this work.

It possesses a secondary epoxide carbon and a

primary one.

The work of Markownikov, which has already been

mentioned, has been confirmed by several investigators.2^

Re

actions of propylene oxide have been found to yield the normal
product, or secondary alcohol, exclusively or very nearly so
in all cases in which basic conditions were utilized.

With

acidic catalysis, a mixture of isomers always results.
25
Petrov
investigated the reaction of propylene oxide
with a number of alcohols and found the above statements to
be true.

Chitwood and F r e u r e ^ confirmed Petrov’s work and

also demonstrated that in the acid catalyzed reactions, the
proportion of the normal product increased when the concen
tration of the acid catalyst was decreased.
A lesser amount of work has been performed using phenol
as the reagent.
The same trend appears to be true, however.
27
McSweeney
tested the reaction under basic conditions*
7
5
2

2^Petrov, A.A.: Chem Tech (Berlin), 6 , 639 (1954)•
25_______ : J. Gen. Chem. (U.S.S.R.), 14, 103 8 (1944),
cited by A. A. Petrov: Chem. Tech (Berlin), £ , 639 (1954).
°Chitwood, H. C. and B. T. Freure:
J. Am. Chem. Soc.,
(1946 ).
27
McSweeney, G. P., L. F. Wiggins and D. C. J. Wood:
J. Chem. Soc., 1952, 37.

68 ,

860

-15and produced only the normal isomer.

Sexton and Britton

confirmed this result, and also ran the reaction using
benzenesulfonic acid as a catalyst.

From this they achieved

in 6.5 per cent yield a mixture which contained 49 per cent
of the normal isomer.
Similar investigations have been made using many other
unsubstituted epoxides.

Two which are of interest are iso

butylene oxide (a tertiary epoxide carbon and a primary one)
and 2 -methyl- 2 ,3 -epoxybutane (a tertiary epoxide carbon and
a secondary one).

Rosen and Kosak^9 studied the reaction

of sodium azide with isobutylene oxide in basic media and
found only the normal isomer, with perhaps just a trace of
the abnormal product present.

Pet r o v ^ investigated the

reactions of isobutylene oxide with several alcohols.

He

found only the primary ether (normal product) when the
addition took place in the presence of the alcoholate ion,
but produced only the secondary ether when boron trifluoride
or sulfuric acid was used as the catalyst.

S k y l e s ^ carried

out a reaction of isobutylene oxide with hydrochloric acid*
2

2^Sexton, A. R. and E. C. Britton:
70, 3606 (1948).

J. Am. Chem. Soc.,

29Rosen, P. D. and A. I. Kosak:
7th International Cancer
Congress, London, 1958, cited by R. E. Parker and N. S.
Isaacs: Chem. Rev., 59, 740 (1959).
3^Petrov, A. A.:

Chem. Tech.

3lSmith, L. and S. Skyles:
(1951); C. A. 47, 101 (1953).

(Berlin), 6, 639 (1954).

Acta. Chem. Scand., 5., 1415

-16and produced a mixture which contained 45 per cent of the
normal product.

In the investigation of a similar epoxide,

2-methyl-1,2-epoxybutane, Funke and B e n o i t ^ allowed it to
react with ethylenimine and produced only the expected nor
mal isomer.

2 -methyl- 2 ,3 -epoxybutane was treated with sodium methoxide in methanol by two groups of investigators.

Both Petrov,

Gantseva and Kiseleva-^ and Winstein and Ingraham^ found the
secondary alcohol to be the main product, and suspected that
a trace of the abnormal product may have been formed.

Petrov

and co-workers also added alcohols to this epoxide using bo
ron trifluoride as a catalyst, which resulted only in the
abnormal product.

Winstein and Ingraham also used methanol

and a sulfuric acid catalyst and found only the secondary
ether, with perhaps a trace amount of the primary ether
present in the product.
Among the exceptions to the rule are two additions of
hydrogen over Raney Nickel catalyst-^ >3° which produced only

32punke, A. and G. Benoit:
Bull. Soc. Chim. France,
1953. 1021: C. A. Zfc9, 1556 (1955).
33petrov, A. A., B. V. Gantseva and 0. A. Kiseleva:
Gen. Chem. (U.S.S.R.), 23, 737 (1953): C. A., 2^3, 3393,
34winStein, S. and L. L. Ingraham:
1160 (1952).

J.
(1954).

J. Am. Chem. Soc., i k ,

35Graham, A. R., A. F. Millidge and D. P. Young:
Soc. 1954. 2180.
36Newman, M. S., G. Underwood and M. W. Renoll:
Chem. Soc., 71. 3362 (1949).

J. Chem.
J. Am.

-17small amounts or none of the normal isomer, which was exoected.
These reactions take place on a metal surface, however, so an
entirely different mechanism may occur here.

A third exception

is a reaction of 2 ,4 ,4-trimethyl-l, 2-epoxypentane with
hydrogen chloride in ether, reported by Graham and co-workers,37
which yielded only the normal product.
The main emphasis in this thesis is on reactions of
epoxides containing polar substituents.

Work has been done

with a great number of these epoxides having many different
polar groups on the carbon chain.

As was noted in the section

on mechanisms, the substitution of a strong electron with
drawing group in an alpha position usually causes a complete
indifference to the type of catalyst employed.
Epichlorohydrin has been used in many investigations.
Under basic conditions, the secondary alcohol is almost always
produced.

33
Boyd and Marle^
allowed an equimolar mixture of

phenol and epichlorohydrin to stand at room temperature in
the presence of small amounts of sodium hydroxide for three
weeks and produced only l-chloro-3-phenoxy-2-propanol. The
39
reaction of diethyl ammine with epichlorohydrin
also pro
duced the secondary alcohol exclusively.
The formation of the primary ether in basic media could
be due to steric factors, even though the secondary epoxy
37Qraham, A. R., A. F. Millidge and D. P. Young:
Soc., 1954. 2130.
•^Boyd, D. R. and E. R. Marie:
1733 (1910).
^Rothstein, R. and K. Binovac:

1050 (1953).

J. Chem.

J. Am. Chem Soc., 97,
Comot. Rend., 236,

-13carbon atom is the most electropositive because of the
influence of the chloromethyl group . ^

It seems more like

ly that it is due to a changed mechanism brought on by the
electron attractor.

Since, in a bimolecular reaction, the

oresence of an electron withdrawing substituent facilitates
the approach of an nucleophilic reagent but inhibits bond
breaking, it seems likely that here we are dealing with Sn2
reactions in which bond breaking is more important than
bond making, or what has been called a borderline Sn2
mechanism .^1
Essentially the same facts have been found for reactions
in acidic media.

In the absence of a catalyst, phenol re

acted with epichlorohydrin when heated to give the secondary
42
43
alcohol.
Petrov
allowed methyl alcohol to react with
epichlorohydrin in the presence of boron trifluoride and found
the addition to proceed in accordance with the rule set forth
by Markownikov.

Smith and S k y l e s ^ also produced only the

^Bridger, R. F. and R. R. Russell:
363 (I960 ).
4^Parker, R. E. and N. S. Isaacs:
(1959).

J. Org. Chem., 25,
Chem. Rev., 59, 740

^Fairbourne, A., G. P. Gibson and D. W. Stephens:
Chem Soc., 1932, 1965.
43petrov, A.A.:

J.

Chem. Tech. (Berlin), 6 , 639 (1954).

^Smith, L. and S. Skyles:
(1951): C. A. 47, 101 (1953).

Acta. Chem. Scand., 5., 1415

-19normal isomer when they allowed hydrochloric acid to react
with epichlorohydrin.

Levas

achieved the same results

with a reaction of phenol and epichlorohydrin in the presence
of boron trifluoride.
Among the many other reactions of this type which have
been investigated are those of 1 ,1 ,1 -trifluoro- 2 ,3 -epoxy
propane with diethyl ammine, sodium ethoxide, ammonia,
hydrobromic acid, and ethanol in the presence of sulfuric
acid,

46

those of 2 ,3 -epoxyisobutyramide with a series of
in

j

ammines, ' and of ethyl- 2 ,3 -epoxybutyrate with ammonia^"
49
and some anilines.
Each of these reactions yielded only
the normal isomer.

If the reaction takes place by the border

line Sn2 mechanism postulated earlier, this is to be expected.
50
Petrov
offers an electronic theory which will also explain
this behavior even if the reaction still takes place by the
Snl mechanism proposed for acid catalyzed reactions.

This

is based upon the "vicinal effect" or adjacent charge r u l e . ^ *
2

^Levas, s. and H. Lifebre:

Compt. Rend., 222, 555 (1946).

^McBee, E. T. , C. E. Hathaway and C. W. Roberts:
Chem. Soc., 73, 3351 (1956).

J. Am.

^Martynov, V. F.:
J. Gen. Chem. (U.S.S.R.), 23, 1654
(1953)? C. A., 43, 13646 (1954).
^Danilov, S. N. and V. F. Martynow:
22, 1572 (1952): C. A., 4Z, 3016 (1953).

J. Gen. Chem.

(U.S.S.R.),

^Martynov, V. F.: Daklady Akad. Naub. S.S.S.R., 39, 369
(1953): C. A., 43, 6423 (1954).
^Petrov, A. A.:

Chem. Tech.

(Berlin), 6 , 639 (1954).

^Remick, A. E.:
"Electronic Interpretations of Organic
Chemistry," p. 145, J. Wiley and Sons, New York, N. Y., 1943*

-20If the epoxide ring opens to form the secondary carbonium
ion, then two positive charges, one real and one partial (or
formal), exist on two adjacent carbon atoms.

If the ring

opens to yield the primary carbonium ion, then the two posi
tive charges are separated by a carbon atom.

This would be

expected to be a considerably more stable state.

A pictorial

representation of these two cases is shown below.

Parker and Isaacs , ^

however, feel that, at least in many

cases, this mechanism does not occur.
The next higher homologues of epichlorohydrin or epibroraohydrin are of special interest as they are the compounds
chosen for the present investigation.

The first work on 1-

bromo- 2 ,3 -epoxybutane and 3 -bromo-l, 2-epoxybutane and the
homologous chloro compounds was performed by Petrov . ^

He

investigated the addition of hydrogen halides to these epox
ides and produced the following results,
H H
CHo— C— C—-CH 9 + HC1
J Br
0

■»- CH-— CHBr— CH(OH)— CH 2C1

52parker, R. S. and N. S. Isaacs:
(1959).
53petrov, A. A.:
(1941).

Chem. Rev., ££, 740
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-21H H
CH — (v— C— CH0 + H C 1 ----- 7- CHo— CHC1— CH(OH)— CHoBr
3
0
Br^
>
with analogous reactions resulting from the use of the other
compounds and other acids.
Russell and Rowton3^ investigated the reaction of phenol
with the bromides mentioned above in the presence of excess
sodium hydroxide and found also that the attack occurred
exclusively on the epoxide carbon atom farthest removed from
the halogen.

It was found that bromine was eliminated from

the chain of each product and the epoxide ring reformed.
55
Waters and Vanderwerf,
using the same two bromoepoxides,
studied their reactions with sodium methoxide in methanol and
found that the attack was always on the primary carbon atom,
whether it was an epoxide carbon or a bromomethyl group.

In

the case where the attack was on the terminal epoxide carbon,
bromine was again eliminated and the epoxide ring formed again.
Because of the different conditions of the two above inves
tigations, however, no comprehensive statement can be made
concerning the reactions of these compounds under basic
circumstances.
Russell and Bridger

56

continued the work on one of these

compounds, treating l-bromo-2 ,3 -epoxybutane and phenol in*
6
5
CL

^Rowton, R. L. and R. R. Russell:
J. Org. Chem., 23,
1057 (1958).
55
Vanderwerf, C. A. and R. C. Waters:
J. Am. Chem. Soc.,
26, 709 (1954).
56
' Bridger, R. F. and R. R. Russell:
J. Org. Chem., 25 ,
£63 (I960).

-22the presence of a boron trifluoride-phenol complex.

The

product consisted entirely of the secondary alcohol.
For a more complete discussion of epoxide literature,
57
the reader is referred to the book edited by Slderfield,
r
the article by Petrov,
and the review by Parker and
59
Isaacs.*
3

57
J Winstein, S. and R. B. Henderson:
"Heterocyclic
Compounds," Vol. 1, p. 1, Ed. by R. C. Elderfield, J. Wiley
and Sons, New York, N. Y . , 1950.
3^Petrov, A. A.:

Chem. Tech.

(Berlin), 6, 639 (1954).

^Parker, R. E. and N. S. Isaacs:
(1959).

Chem. Rev., 59, 740

-23DISCUSSION
In the reaction of sodium iodide in acetone with
l-bromo-2 ,3 - epoxybutane or 3 -bromo- 1 ,2-epoxybutane one or
both of two isomers may be produced.
CH?BrCH — CHCHo (I) + Nal (Acetone)

A

h

l-bromo-2 ,3 -epoxybutane
H 2C — ,CHCHBrCH3 (II) + Nal (Acetone)

0

3 -bromo-1 ,2 -eooxybutane

2 c^— >c h c h i c h 3 (III)

3 -iodo-l,2-epoxybutane
—— »-CH0 ICH— -,CHCH_ (IV)
^ ^0
i
l-iodo- 2 ,3 -epoxybutane

If the reaction is a simple replacement of bromine without
rupture of the epoxide ring, as indicated by path B, then the
terminal epoxide (II) will yield a terminal epoxide (III)
after the reaction.

In a like manner, (I) would yield (IV).

If, however, the attack is on the epoxide carbon atom farthest
from the bromine atom, as is predicted by the modified Sn2
mechanism proposed by Parker and Isaacs,

then the terminal

epoxide (I) will yield the internal epoxide (IV).
If the reaction occurs in the latter fashion, steric con
siderations predict that attack on the terminal epoxide carbon,
as predicted for the reaction of (II), will take place more
rapidly than attack on a secondary epoxide carbon atom which
is predicted to occur in the reaction with (I).

However, if

it is a simple replacement (path B), the reaction of (I) is
predicted to be faster from the same steric considerations.

60 Parker, R. £. and N. S. Isaacs:
(1959).

Chem. Rev., 59, 740

-24A hydrogen atom is also slightly more electronegative than a
methyl group, so a carbon atom attached to two hydrogen atoms
will be slightly more electropositive than one attached to a
hydrogen atom and a methyl group.

This also tends to increase

the rate of nucleophilic attack on a primary carbon atom.
In order to test these hypotheses, the two reactions men
tioned above were allowed to take place in absolute acetone
at 19°-20°C.

The course of the reaction was followed by

means of the change in refractive index.

This is a conveni

ent means of observing the course of the reaction, but in all
cases it was found that the refractive index fluctuated wide
ly, although somewhat reproducibly, during the early part of
the reaction.

For that reason, the results are impossible to

express as absolute rate constants, but the time required
for the refractive index to become constant supplies an indi
cation to the relative reaction rates.

It was observed that

the reaction of 3 -bromo-l,2-epoxybutane (II) reached this
constant state in about 10 to 11 minutes, while it required

17 to 20 minutes for the second isomer (I) to reach a con
stant state in the reaction.

This is predicted for both pos

sible reaction paths, however, so no conclusion as to path can
be drawn from this fact.
The sodium bromide which precipitated was removed by fil
tration when the reaction was completed.

The acetone was

then evaporated and the resudue distilled under vacuum.
products were isolated in about 70 per cent yield in both
cases.

Also, in each case, the product showed excellent

The

-25agreement with the values calculated for the iodoepoxides
(III) and (IV) when the oxirane oxygen content was determined
by the method of Swern, et al.^l
Since 3 -iodo-1,2-epoxybutane (III) will be oxidized to
2-iodopropanoic acid and l-iodo-2,3-epoxybutane (IV) to
iodoacetic acid by silver oxide in basic media, this method
was chosen for the identification of the products.

The prod

uct of the reaction of 3-bromo-l,2-epoxybutane (II) with
sodium iodide was then oxidized in this way.

The crude oxi

dation product was isolated to an extent of 95 .$ per cent
calculated on the basis of formation of iodoacetic acid.

The

neutralization equivalent showed the presence of some impuri
ties, however.

The purified oxidation product corresponded

very closely to iodoacetic acid in melting point, neutraliza
tion equivalent, and melting point of the amide derivative.
The nature of the imourities could not be determined, but if
the second possible product was formed, it was only in very
small amounts.

The only isolable product of the reaction of

(II) with Nal was thereby shown to be (IV), which means that
this reaction proceeded by path A.
The same procedure was followed with the product from the
reaction with l-bromo-2 ,3-epoxybutane (I).

The crude product

was isolated in an amount corresponding to 9$.$ per cent

6lSwern, D., T. W. Findley, G. N. Billen, and J. T. Scanlan:
Ind. and Eng. Chem., Anal. Ed., 19, 414, (1947).

-26calculated as 2-iodopropanoic acid.

The presence of

impurities was indicated here also by the neutralization
equivalent.

When purified, the oxidation product was shown

by melting point, neutralization equivalent, and the melt
ing points of the amide and anilide derivatives to be 2 iodopropanoic acid.

Again, the nature of the impurities

could not be determined, but the amount of them was small.
The reaction of (I) with Nal yielded (III) as the only
identifiable product, thus demonstrating that it also
proceeded by path A.
Both the orientational data and the kinetic data con
formed to the predictions made on the basis of a modified
Sn2 mechanism.

The reaction of the secondary bromoepoxide

(II) with the sodium iodide in acetone yielded l-iodo-2,3epoxybutane (IV) and that of the internal epoxide (I)
yielded 3 -iodo-l, 2 -epoxybutane (III).
The reactions were conducted at a relatively low
temperature, 19°-20°C.

It would be of interest to see if

the same products are produced at higher temperatures such
as under reflux with acetone, or if a mixture of isomers is
then produced.

-27EXPERIMENTAL
Boiling points and melting points are uncorrected.
Pressures of vacuum distillations greater than one milli
meter are reported to the nearest half millimeter of
mercury.

Pressures less than one millimeter were read

from a McLeod gage, and are probably accurate to the near
est one tenth millimeter.

Refractive index readings were

taken on an Abbe refractometer and are reliable to .0002.
These values are uncorrected, unless so labeled, and should
be corrected by subtracting .0015 from each value if absolute
refractive index is desired.
The two bromoepoxides were prepared by a modification of
the method of Petrov.

62

l-bromo- 2 -butene and 3 -bromo-l-butene
Butadiene was condensed to a liquid by passing the gas
through a condenser cooled by a dry ice and methanol mixture,
or, on a second preparation, by passing the gas through a coil
of copper tubing immersed in a 20% methanol bath cooled to
-14°C.

The liquified butadiene was collected and kept in a

vented flask immersed in the bath at -14°C.

One gram of

benzoyl peroxide was added to catalyze the reaction with
hydrogen bromide, and in the second production 250 milli
liters of glacial acetic acid was added to aid in saturating

^ 2 Petrov, A. A.:
(1941).

J. Gen. Chem. (U.S.S.R.), 11, 713

-23the solution with the hydrogen bromide.

When saturation

was essentially complete, as indicated by the size of the
hydrogen bromide bubbles, the refrigerator for the bath was
shut off and the solution and the bath were allowed to warm
overnight.

The material was then washed free of hydrogen

bromide with water followed by 5 per cent sodium carbonate
and the bromides were dried over anhydrous calcium sulfate
and distilled.

The fraction boiling from 60°C. to 95°C.

at atmospheric pressure was collected.

2-buten-l-ol and l-buten- 3 -ol
The 306 grams of bromides collected were converted to
the alcohols by refluxing them over a 300 per cent excess
of 10 per cent sodium carbonate for two and one-half hours
with vigorous mechanical stirring.

At the end of this time,

the alcohols and water were distilled from the flask and
collected.

The alcohols were salted out of the aqueous

solution with potassium carbonate, separated, partially
dried over anhydrous potassium carbonate, and fully dried
by boiling over calcium oxide.

The two isomers were separated

by fractional distillation, with the higher boiling segment
fractionated twice and the lower boiling portion three
times, to insure full separation.

This fractional dis

tillation requires extreme care as to the amount of heat
added or the isomers will not separate.

An efficient

fractionating column would serve the same purpose.

2-buten-

l-ol was collected from 95°-100°C. and l-buten-3-ol from

-29115°-120°C.

Ninety-six grams of the primary alcohol and

3$ grams of the secondary alcohol were obtained.

This

represents a total of 82 % yield.
Nci?CO?
CH? = CH - CHBr - CH?----- -— ^-------2
3
95°C.
CH? - CH = CH - CH?Br
3
2

HoO

j

CH? = C

r

2

3

NfioCOo j H?0
— ----- ^ C H 3 - CH = CH - CH?OH
95°C.
3
2

2 ,3-Dibromo-l-butanol and 1,2-dibromo-3-butanol
Each of the alcohols was mixed with its volume of chloroform
and cooled to 0°C. in an ice bath.

The solution was mechanical

ly stirred and an amount of bromine equivalent to the alcohol
was added dropwise at such a rate that the temperature stayed
below 20°C.

When this was completed, the solution was washed

with 5 % sodium carbonate solution to destroy any excess of
bromine.

The chloroform was evaporated off and the residue

distilled under vacuum.

Eighty-five grams of 1,2-dibromo-

3-butanol, boiling point 104°-110° at seven millimeters of
mercury, and 220 grams of 2 ,3-dibromo-l-butanol, boiling
at

100°- 105°

at seven millimeters of mercury, were obtained.

The yield was 69 per cent for the primary alcohol and 71 per
cent for the 3,4-dibromo-2-butanol.
H?C - CH = CH - CH 2 0H -

CHCI 3
B r2

H 3 C - CHBr - CHBr - C H 2 0H

0°C'
H 2 C = CH - CHOH - CH 3

-

CHC1 3
B r2

o°c"

H 2CBr - CHBr - CHOH - CH 3

-30l-Bromo-2,3-epoxybutane and 3-bromo-l,2-epoxybutane
The dibromoalcohols were each added dropwise to an 8 0 %
solution of potassium hydroxide in a three-necked flask
fitted with a mechanical stirrer and a distillation apparatus.
A 300 per cent excess of £0 per cent potassium hydroxide
solution was used and the temperature was held between 150°C.170°C.

The epoxides distilled from the flask as they were

formed along with some water.

The insoluble epoxides were

then separated from the water, dried over anhydrous
potassium carbonate, and distilled at atmospheric pressure.
l-bromo-2,3-epoxybutane, boiling point 143°-149°C., was
formed in 76 per cent yield (42 grams) and 3-bromo-l,2epoxybutane, boiling point 145°-154°C., was formed in 59
per cent yield ($4*5 grams).
Reaction of epichlorohydrin with sodium iodide in
acetone
Since it was planned to attempt to study the relative
reaction rates of the two bromoepoxides by means of refractive
index change during the reactions, the reproducibility of this
technique was tested with epichlorohydrin.
One tenth mole (9.25 grams) of epichlorohydrin was added
to a solution of 15.00 grams of sodium iodide in 150.0
milliliters of absolute acetone.

Both of these had previous

ly been cooled to 19°C. and the temperature was maintained at
19° - .5°C. throughout the course of the reaction by constantly

-31running tap water.
temperature.

The refractometer was held at the same

Reproducibility was difficult to attain, but

with careful control of all factors such as temperature,
time of reading and dryness of refractometer faces, two
similar curves were obtained in two separate tests.

The

results are tabulated in table I (page 41).
When the test was completed the two solutions were com
bined, the sodium chloride was filtered off and the acetone
evaporated.

The small amount of salt precipitated by this

was then removed by filtration.

The residue was then dis

tilled under vacuum, and three grams [ $ . 2 % yield) of product
which boiled at 30 °- 35 ° at .25 millimeters of mercury was
obtained.

A further amount was produced by allowing 150

grams of sodium iodide in 1500 milliliters of absolute
acetone to react with 92.5 grams of epichlorohydrin at 19°C.
and separating it as before in order to have a sufficient
quantity to perfect the techniques to be used later.
Identification of the Product
The product was found to have a density of 2.025 grams
per milliliter and a refractive index of 1.5463 at 25°C.

It

gave a strong Beilstein test for halogen and quickly
precipitated yellow crystals when mixed with alcoholic
silver nitrate.
The oxirane oxygen content of the product was found by the
c. O

method of Swern, et al. '

This involves allowing a weighed

^Swern, D., T. W. Findley, G. N. Gillen and J. T. Scanlan
Ind. and Eng. Chem., Anal. Ed., 19, 414 (1947)

-32amount of the product to react with a measured excess of a
standardized solution of hydrochloric acid in absolute
ether and back-titrating the excess with standard sodium
hydroxide.

Ethanol is used as the solvent for the titration.

It was found to contain & , 7 1 % oxirane oxygen.
Sight grams of the product was mixed with 25 grams of
silver oxide and 300 milliliters of 1 0 % sodium hydroxide
and stirred for approximately 12 hours.

The solution was

then filtered, acidified, and evaporated to about one-third
its previous volume.

The precipitate was filtered off and

recrystallized from acetone.
melting range of S0°-$2°C.

The solid was found to have a
It also produced a positive

beilstein test for halogen and precipitated yellow crystals
when mixed with alcoholic silver nitrate.

The amide and

anilide were prepared as directed by Shriner, Fuson and
C u r tin.^

The amide melted at 93°-94°C., and the anilide

at 142°-143°C.
Epiiodohydrin

observed

from literature

Refractive index

1.5463 (corrected)

1 .5453*
65

Density

2.025 gm/ml

2.03 gm/ml^°

%o oxirane oxygen

£.71%

5.69%o (calc.)

^Shriner, R. L., R. C. Fuson and D. Y. Curtin:
"The
Systematic Identification of Organic Compounds,” 4th Ed.,
pp. 200-203, J. Wiley and Sons, New York, N. Y., 1956.

65

^Noland, W. E. and B. N. Bastian:
77, 3395 (1955).

J. Am. Chem. Soc.,

"Handbook of Chemistry and Physics,” 42nd Ed., Ed. by
C. D. Hodgman, Chem. Rubber Pub. Co., Cleveland, 0., I960.

-33Ag^O oxidized product

(iodoacetic acid)

80°-82°C.

melting point
anilide melting point
amide melting point

82°-S30C.67

142°-143°C
93°-94°C.

Thus it was shown that the product of the reaction of
epichlorohydrin with sodium iodide in acetone was epiiodohydrin.
Reaction of 3-bromo-l, 2-epoxybutane with
sodium iodide in acetone
Ten grams of 3-bromo-l,2-epoxybutane was cooled to 20°C.
and added to a solution of 10 grams of sodium iodide in 100
milliliters of absolute acetone, also at 20°C.

The course of

the reaction was followed by means of the change in refractive
index.

This again fluctuated widely during the first few

minutes of the reaction, finally reaching a constant state
after ten to eleven minutes.
II (page 42).

The results are shown in Table

After the reaction was complete, the precipitate

of sodium bromide was removed by filtration and the acetone
was evaporated.
of mercury.

The residue was distilled at .25 millimeters

A small amount of water was distilled over, and

^ " L anges Handbook of Chemistry,11 7th Ed., Ed. by N. A.
Lange, p. 550, Handbook Pub. Co., Sandusky, 0., 1949.
6$

Shriner, R. L., R. C. Fuson and D. Y. Curtin: "The
Systematic Identification of Organic Compounds," 4th Ed., pp.
200-203, J. Wiley and Sons, New York, N. Y., 1956.

-34the product was collected between 35°C. and 37°C.

A yield

of 6 9 * 9 % of the product (calculated assuming the product to
be a corresponding iodoepoxide) was found.
CH.— CHBr— CH— CH0 + Nal Acetone CH.— CH— CH— CH_I + NaBr \
3
V "
2
3
2

Identification of the product
The product showed a strong Beilstein test for halogen
and precipitated yellow crystals (probably Silver iodide)
when added to alcoholic silver nitrate.

The oxirane oxygen

content was determined as described previously and was found
to be £.10 per cent.

Six grams of the product was stirred

overnight at room temperature with l£ grams of silver oxide
and 150 milliliters of 1 0 % sodium hydroxide.
was filtered and acidified.
removed by filtration.

The solution

A precipitate formed and was

This was dried and weighed.

The

neutralization equivalent was found by titrating a weighed
amount of the acid with standard sodium hydroxide solution as
70
described by Shriner, Fuson, and Curtin.
It was found to
be 1&9.1.

The acidified solution was then extracted five

times with ether after it had been evaporated to a small
volume.

The neutralization equivalent of the crystals

^Shriner, R. L., R. C. Fuson and D. Y. Curtin: "The
Systematic Identification of Organic Compounds," 4th Ed.,
pp. 200-203, J. Wiley and Sons, New York, N. Y . , 1956.

-35remaining after the ether was evaporated was found to be
171.1. The precipitates were combined and recrystallized
from a small volume of ether.

The purified product had a

neutralization equivalent of 185.0.

A total of 95.# per

cent of the product (calculated as iodoacetic acid) was
isolated.

The acid was found to have a melting point of

8l°-82°C. and the amide derivative, prepared as before,
melted at 94°-95°C.

This demonstrated that the oxidation

product was iodoacetic acid and therefore the original re
action produced l-iodo-2,3-epoxybutane.

The correspondence

of the observed data to data listed in the literature is
shown in the chart below.

Some impurities were present in

the crude oxidation product, but the nature of them could not
be determined.
Reaction product
Oxirane oxygen content

8.10%
oxidation product

l-iodo-2,3 -epoxybutane
8.08% (calculated)
iodoacetic acid

Neutralization equivalent
precipitated by acidification

189.1

136 (calculated)

separated by ether extraction

171.1

136

185.0

136

Melting point

8l°-32°C.

82°C. 71

Amide derivative

94°-95°C.

95°C.7
72
1

purified

71
' "Handbook of Chemistry and Physics," 42nd fid., fid. by
C. D. Hodgman, Chem. Rubber Pub. Co., Cleveland, 0., I960.
^^Shriner, R. L., R. C. Fuson and D. Y. Curtin:
"The
Systematic Identification of Organic Compounds," 4th fid., pp.
200-203, J. Wiley and Sons, New Yrok, N. Y., 1956.

-36CH,— CH— CH— CH.,1 — ^§2?___, CH_I— COOH
\n/
}
10fo NaOH
d
Reaction of l-bromo-2,3-epoxybutane with
sodium iodide in acetone
Ten grams of l-bromo-2,3-epoxybutane was added to a solu
tion of ten grams of sodium iodide in absolute acetone after
each had been cooled to 19°C.

The reaction was again followed

by the change in refractive index.
initial

Again there was an

period of fluctuation, and the refractive index

became constant between 17 and 20 minutes after the reaction
began.

The data obtained are shown in Table III (page 43).

When the reaction was completed, the sodium bromide was re
moved by filtration, the acetone evaporated, and the residue
vacuum distilled.

A small amount of water distilled first,

followed by the reaction product, which boiled between 36° and
3&°C. at .25 millimeters of mercury.

A yield of 70.1 per

cent of the theoretical amount of iodoepoxide was isolated.
CHpBr— CH— CH— CH^ t Nal

Acetone

V

Identification of the reaction oroduct
The product isolated above showed a strong Beilstein test
for halogen and caused the precipitation of yellow crystals
when added to alcoholic silver nitrate.

The oxirane oxygen

content was determined as before and was found to be £.04
per cent.

An oxidation was carried out with 9.35 grams of

-37the reaction product stirred overnight with 30 grams of silver
oxide and 250 milliliters of 10% sodium hydroxide.
produced was separated by a

The acid

combination of acidification

and filtration as described for the oxidation of the other
isomer.

A total of 93.3 per cent yield calculated as

2-iodopropanoic acid was found.

The neutralization

equivalents of the crude acid from each means of separation
and also the purified acid were found.

The neutralization

equivalent of the product isolated by acidification and
filtration was found to be 192.1 and that from the ether
extraction was 203.4.

The two crops of crystals were then

combined and recrystallized from water.

The neutralization

equivalent for the purified acid was found to be 201.3 and
its melting point was 44°-45°C.

The amide and anilide

derivatives were prepared as described by Shriner, Fuson and
Curtin.

73

The amide decomposed, turning dark brown, at

153°-155°C. and the anilide melted at 133°-135°C.

These

correspond to the values for 2-iodopropanoic acid, as
shown by the table below.

The original reaction product was

therefore 3-iodo-l,2-epoxybutane.

The nature of the impurities

in the crude oxidized product could not be determined.
Reaction product
Oxirane oxygen content

3.04%

3-iodo-l,2-epoxybutane
3.03% (calculated)

^Shriner, R. L., R. C. Fuson and D. Y. Curtin:
"The
Systematic Identification of Organic Compounds,” 4th Ed., pp.
200-203, J. Wiley and Sons, New York, N. Y., 1956.

-33oxidation product

2-iodopropanoic acid

Neutralization equivalent
separated by acidification

192.1

200.0

separated by ether extraction

203.4

200.0

purified

201.3

200.0

Melting point

44°-45°C.

45.5°C.74

Amide derivative

d.l53°-155°C.

155.5°-157°C.75

Anilide derivative

133°-135°C.

134°-136°C.76

"^"Handbook of Chemistry and Physics," 42nd Ed., Ed. by
C. D. Hodgman, Chem. Rubber Pub. Co., Cleveland, 0., I960.

75

^Heilbron, I. M.: "Dictionary of Organic Compounds,"
Vol. 2, p. 390, Oxford University Press, New York, N. Y . , 1936.
76Ibid.

-39CONCLUSION
The reaction of 3-bromo-l,2-epoxybutane with sodium
iodide in solution in absolute acetone yields l-iodo-2,3eooxybutane as the only detectable organic product.

In a

like fashion, l-bromo-2,3-epoxybutane reacts with the same
reagent to give detectable amounts of 3-iodo-l,2-epoxybutane
only.

Based on the change in refractive index, the reaction

with 3-bromo-l,2-eooxybutane proceeds approximately one and
seven-tenths times faster than that with the other isomer.
The change in refractive index, however, does not lend itself
easily to the determination of absolute rate constants be
cause of the wide fluctuations during the earlier part of
the reaction.
The only detectable products indicate exclusive attack
of the iodide ion on the epoxide carbon farthest from the
electron withdrawing bromomethyl substituent.

This is the

course of reaction which is predicted when the reaction is
considered in the light of the borderline Sn2 mechanism
proposed by Parker and Isaacs

77

for these types of compounds.

The small difference in the relative rates of attack can be
predicted on the basis of either steric or electronic
consideration,

so no conclusive statement can be made about

the reason for it.

^Parker, R. E. and N. S. Isaacs:
(1959).

Chem Rev., j>9, 740

-40SUMMARY
l-bromo-2,3-epoxybutane reacted with sodium iodide in
acetone to give 3-iodo-l,2-epoxybutane in 70.1 per cent
yield.

3-bromo-l,2-epoxybutane produced l-iodo-2,3-epoxybu

tane in 69.9 per cent yield when it was allowed to react with
a solution of sodium iodide in acetone.

No other product

could be isolated after either reaction, although it is pos
sible that another compound may have been produced in very
small amounts.

The iodoepoxides were oxidized to the corres

ponding α -iodoacid in approximately ninety per cent yield by
silver oxide.

-41TABLE I
Reaction of Epichlorohydrin with
Sodium Iodide in Acetone
Refractive Index*

Time

Test No. 1

Test No. 2

(minutes)

1.3863
1.3868
1.3863
1.3879
1.3860
1.3871
1.3875

1.3870
1.3878
1.3872
1.3397
1.3771
1.3390
1.3900
1.3910
1.3331
1.3330
1.3902
1.3910
1.3909
1.3393
1.3391
1.3901
1.3902
1.3910
1.3913
1.3913
1.3920
1.3926
1.3924
1.3923

0.5
2.$
5.0
7.5
10.0
15.0
20.0
25.0

1.3830
1.3870
1.3865
1.3883
1.3885
1.3882
1.3880
1.3880
1.3881
1.3880
1.3881
1.3889
1.3890

1.3898
1.3929
1.1925
1.3920

30.0
35.0
40.0
45.0

50.0

55.0
60.0
65.0
70.0
75.0
30.0
90.0
120.0
150.0
130.0
240.0

Refractometer temperature was 19° + .5°C.

TABLE II
Reaction of 3-bromo-l,2-epoxybutane with
Sodium Iodide in Acetone
Refractive Index*
st No. 1
1.3900
1.3911
1.3912
1.3914
1.3915
1.3912
1.3911
1.3910
1.3910
1.3912
1.3915
1.3915
1.3915
1.3915
1.3915
1.3915
1.3916

Test No. 2

Time
(minutes)

1.3901
1.3910
1.3911
1.3912
1.3914
1.3912
1.3910
1.3909
1.3910
1.3911
1.3914
1.3916
1.3916
1.3916
1.3916
1.3916
1.3916

Refractometer temperature was 20° + .5°C.

0.5
1.0
2.0
3.0
4.0
5.0
6.0
7.0
g.O
9.0
10.0
11.0
12.0
15.0
20.0

30.0
60.0

-43TABLE III
Reaction of l-bromo-2,3-epoxybutane with
Sodium Iodide in Acetone
Time

Refractive Index*
st N o . 1
1.3930
1.3913
1.3911
1.3922
1.3914
1.3903
1.3910
1.3912
1.3916
1.3915
1.3904
1.3910
1.3905
1.3903
1.3900
1.3912
1.3397
1.3895
1.3895
1.3895
1.3895
1.3895

Test No. 2

(minutes)

1.3927
1.3914
1.3903
1.3920
1.3915
1.3910
1.3903
1.3912
1.3915
1.3917
1.3907
1.3911
1.3905
1.3900
1.3897
1.3909
1.3894
1.3893
1.3893
1.3893
1.3893
1.3893

Refractometer temperature was 19° + .5°C.

0.5
1.0
2.0
3.0
4.0
5.0
6.0
7.0
3.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
17.0
20.0
25.0
30.0
45.0
60.0
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